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Howler monkeys (Alouatta spp.) are known for their adaptability, allowing them to inhabit a 
large range of forest types and driving high levels of variation in ranging and behavioral patterns. 
I address a series of hypotheses relating these relationships: 1) If an energy minimizing lifestyle 
is an adaptation to eating high quantities of leaves, then howler groups that have a high 
proportion of leaves in their diet will occupy smaller home ranges, have shorter daily path 
lengths, and spend more time resting, 2) if temperature is the primary driver of high levels of 
resting, then howlers will conserve energy and rest more at lower temperatures, 3) home range 
and daily path length will increase with group size. To test these hypotheses, I studied the 
ranging and behavioral patterns of two groups of Black and Gold Howler monkeys (Alouatta 
caraya) inhabiting a gallery forest in Formosa, Argentina. I followed each group from sunrise to 
sunset for a total of six days each. Compared to other studies, the groups had the smallest home 
ranges for Alouatta (1.23 ha and 0.92 ha). Both groups followed expected activity patterns, 
sleeping for roughly 60% of the day and eating primarily leaves supplemented by small amounts 
of fruit and flowers. Higher leaf consumption was correlated with increased resting time, but not 
smaller home range or shorter daily path lengths. Contrary to expectations, there appeared to be a 
very slight positive correlation between temperature and percent resting. Finally, home range and 
daily path length did not increase with group size. These data give us insight into the species’ 
























 Howler monkeys (Genus Alouatta) are a group of New World primates found in the 
tropical forests of Central and South America. They are the largest and most widespread genus of 
the New World Monkeys. Howler monkeys are considered the most successful New World 
primate genus based on highest overall biomass (Kowaleski, 2015); this success is attributed to 
their ecological dominance. Underlying this great ecological success is their ability to rely on 
leaves as their primary source of food as well as their high levels of adaptability (Bravo & 
Sallenave, 2003). These abilities allow them to survive in a diverse range of habitats and small 
forest fragments that other genera cannot endure (Dias & Rangel-Negrin, 2015). Perhaps due to 
their wide distribution, howlers’ have attracted a large amount of research and are one of the 
best-studied primate taxa (Kowaleski, 2015). C.R. Carpenter (1934) was the first to study the 
Alouatta genus in the early 1930’s; his study of Alouatta palliata on Barro Colorado Island on 
Panama was the first successful systematic study of any wild primate species in the world.  
 There are currently eleven recognized species of Alouatta (IUCN, 2018). Out of the 
eleven species, two have an IUCN conservation status as ‘endangered’, two as ‘vulnerable’, and 
the rest as ‘least concern’. Alouatta caraya, commonly known as the Black and Gold howler 
monkey, has an IUCN conservation status of ‘least concern’. A. caraya are found in eastern 
Bolivia, southern Brazil, Paraguay, and northern Argentina (Donascimento et al., 2007). They 
are the species found furthest south, as well as the most southern ranging of all Neotropical 
primates. They are one of two Alouatta species that exhibit sexual dichromatism; A. caraya adult 
males have black fur while the females and juveniles are yellowish brown. A. caraya generally 
live in social groups comprising of roughly 5-8 individuals. However, studies have found group 
size to range from 2–23 individuals (Zunino, 2007). 
 Howler monkeys are generally considered to be highly adaptable primates. Throughout 
their large range, spanning from Mexico to Northern Argentina, there are a variety of habitats 
and ecosystems that various Alouatta species have been able to successfully survive in. They are 
found across many different forest types including lowland evergreen forest, gallery forest, 
highland forest, swamp forest, and riparian forest (Milton, 1980). However, there is considerable 
variation both within and between the eleven recognized species. Further supporting this idea of 





howlers across South and Central America (e.g. Cristobal-Azkarate, 2007; Rumiz, 1990; Zunino 
et al., 2001; Bravo, & Sallenave, 2003).  
 Ranging and movement patterns are one of the most important facets of primate 
behavioral ecology. These patterns give insight into how animals move from place to place, 
which areas they prefer to inhabit, what feeding strategies they employ, and their territoriality 
and interactions with nearby groups. Movement and ranging patterns of howlers have been 
studied in many different species across Central and South America (Fortes, 2015). Howler 
monkeys are known to use relatively small home ranges (<30 ha) and travel fairly short daily 
paths (<1000 m) (Fortes, 2015). Home range is the area used regularly by an individual or a 
group, and can be estimated by summing the day ranges (area covered during daily travel); the 
daily path length is defined as the distance covered during daily travel.  
 Even when one may provide a genus-wide generalization on their ranging patterns, there 
is considerable variation between and within species, likely due to their wide distribution and 
diverse habitat characteristics. Home ranges are limited by the availability of habitat and food 
resources, density of populations, and predation risk, and territoriality (Fortes, 2015). Studies 
showing large variation in ranging patterns further support the characterization of howlers as 
incredibly adaptable species (Rumiz, 1990; Brown & Zunino, 1994; Zunino et al., 2001). 
  Howler population densities and home range size have been found to vary considerably. 
Estimates of densities range from 0.8 to 1,050 individuals/km2 (Zunino, 2007). There is 
considerably less variation within the A. caraya species: the highest reported density of Black 
and Gold Howler Monkeys is 130 individuals/km2 in Argentina (Thorington, 1984) and the 
lowest is 4 individuals/km2 in Brazil (Codenotti et al. 2004). In a review of reported home ranges 
for different Alouatta species, Bravo & Sallenave (2003) compare sixteen studies focusing on 
ranging of five howler species. Across the entire Alouatta genus, they found that home range size 
varies from 1.7 ha to 182 ha. However, A. caraya had the three smallest home ranges of all the 
studies, falling between 1.7-6.0 hectares per group (Bravo & Sallenave, 2003; Bicca-Marques, 
1994; Zunino, 1986). There is not scientific consensus on the extent of territoriality in howlers, 
however, home ranges of howlers have been shown to overlap, and do so more often in high-
density settings (Asencio, 2018; Palma et al. 2011). In a review of eight Alouatta species, 
Asienco (2018) found the highest variability in territoriality in A. caraya.  





notable behavior is the characteristic howling, which is one of the loudest vocalizations produced 
by a terrestrial animal (Dunn et al., 2008). Studies have found these vocalizations to serve as 
territorial displays, ensuring the regulation of inter-group spacing (Da Cunha & Byrne, 2006; 
Sekulic, 1982). In addition, howlers are known to employ an energy minimizing lifestyle, and are 
often considered the least active of all monkeys (Milton, 1980). Howlers will often spend 
upwards of 60% of their day resting, in addition to sleeping through the night (Bravo, 2003; 
Kowaleski et al., 2015; Bicca-Marques, 2003; Palma et al. 2011). 
 Primates must consume a sufficient amount of food to meet their energy requirements. 
Energy requirements are determined by three factors: basal metabolic rate, the costs of activity, 
and the costs of specific life stages, such as growth for juveniles and lactation for females 
(Chapman et al., 2012). The basal metabolic rate is the amount of energy per unit time that an 
animal needs to keep the body functioning at rest. In addition to meeting energy requirements, 
primates have to meet nutrient requirements in their diets for growth, survival, and reproduction. 
Not unlike humans, primates require a combination of carbohydrates, protein, lipids, vitamins, 
and minerals (Chapman et al., 2012). Potential primate foods contain varying levels of these 
nutrients; for example, insects contain large amounts of protein, while leaves are made up of 
primarily fiber. In addition, food sources are not distributed evenly; fruits and flowers tend to 
be clumped and only seasonally available, while leaves are more widely available, both in 
space and time, and generally require less effort to access them. As with any diet, there are 
tradeoffs that one must make and many species have evolved adaptations that allow them to 
consume certain types of food.  
 In the case of howler monkeys, they are folivorous, meaning their diet consists primarily 
of leaves, although they do complement their diet with fruits, buds, and flowers. Most primates 
cannot rely on a diet primarily consisting of leaves due to low digestibility. Leaves have a 
relatively low amount of readily available energy and contain high proportions of 
indigestible materials, as well as potentially harmful chemicals (Milton, 1980). However, 
howlers have evolved a complex digestive system incorporating a caecum and colon with a 
high surface area that allows them to be quite efficient at digesting leaves. They have been 
found to have a very slow food passage rate (roughly 20 hours), which allows them to 
ferment plant parts in their digestive systems and maximize energy returns (Milton, 1980). It 





order to digest these difficult food sources (Pavelka & Knopff, 2004; Milton, 1980). Several 
studies have found a correlation between the percentage of leaves in a howler monkey’s diet 
and the amount of time spent resting (Estrada et al., 1999; Gaulin & Gaulin, 1982; Silver et al., 
1998). 
 Further supporting the idea of adaptability is the variance found in studies of howler 
diets. Pavelka & Knopff (2004) found that throughout the year, Alouatta pigra switch from 
consuming leaves 86% of the time to consuming fruit 67% of the time. Howler species found 
exclusively in drier forests (A. caraya and A. guariba) consume the highest amount of leaves, 
and lowest amount of fruit (Dias & Rangel-Negrin, 2015). In a systematic review of published 
papers on dietary patterns of Alouatta palliata, Cristobal-Azkarate (2007) found that only 23% of 
the plant species consumed by this species were the same across all the studies, suggesting that 
howlers can change their diet to better match local food availability. In another review, this time 
focused on all Alouatta species, howlers were observed consuming 1,165 unique plant species, 
belonging to 111 families (Dias & Rangel-Negrin, 2015). These data show the wide variety of 
food sources utilized by howlers.   
 Behavioral, dietary, and ranging patterns of howlers are deeply interconnected. Over 
the years, several studies have examined the possible relationships among those elements. 
For example, Milton (1980) stated the howlers are travel minimizers due to energetic 
constraints imposed by a diet consisting primarily of leaves; this assumption leads to the 
prediction that when howlers have a higher proportion of leaves in their diet, they will rest 
more and have smaller day ranges. Several researchers have found a correlation between the 
amount of leaves eaten, and the time spent resting (Estrada et al., 1999; Gaulin & Gaulin, 
1982; Silver et al., 1998). However, Bravo et al. (2003) claimed that A. caraya daily travel 
distance was not correlated with the proportion of mature leaves in the diet, but it was 
positively correlated with the number of group confrontations. Ranging patterns are affected 
by population density and group size as well: Crocket and Eisenberg (1987) determined that 
in howler populations, home range size is negatively correlated with population density. 
Ostroab et al. (1991) found that in high-density populations, larger groups had larger home 







Goals and Hypotheses 
 In my thesis, I examine the relationships between ranging, dietary, and behavioral 
patterns of two groups at Estancia Guaycolec, Formosa, Argentina.  I address a series of 
hypotheses relating these relationships: 1) If an energy minimizing lifestyle is an adaptation to 
eating high quantities of leaves, then howler groups that have a high proportion of leaves in their 
diet will occupy smaller home ranges, have shorter daily path lengths, and spend more time 
resting, 2) if temperature is the primary driver of high levels of resting, then howlers will 
conserve energy and rest more at lower temperatures, 3) home range and daily path length will 
increase with group size due to larger groups requiring more space and resources. 
 Several articles based on relatively brief studies have been published about this 
population (Arditi & Placci, 1990; Dvoskin, 2003; Drake, 2011). The articles primarily give 
insight into how many howler monkeys inhabit the study site and how the population density has 
changed with time. However, they do not look into how the howlers are using this space. How 
far does a group move each day? What factors affect how far they move, and might temperature 
be one of them? Is there range overlap between groups? Do groups interact with one another? 
What resources does this population use? Finally, is there variation between groups? My study is 
the first one to closely consider ranging and behavioral patterns of A. caraya groups at this site. 
My study will hopefully contribute data to understanding the species’ adaptability since the 
population is found in the extreme southern edge of not only A. caraya’s range, but of all 




 I conducted this study on a wild population of Alouatta caraya in the Guaycolec Ranch, 
located 25km outside the city of Formosa, Argentina. The Guaycolec Ranch is a 25,000 ha cattle 
ranch in the Gran Chaco ecoregion. The climate in the Formosa region is subtropical and humid, 
with large changes in temperature and rainfall throughout the year. The mean temperature of 
Formosa is 16.9°C during the winter and 27.4°C during the summer with the dry season falling 
within the austral winter (Fernandez-Duque & Bravo, 1997).  
 The study site comprises a mix of gallery forest along the banks of the Riacho Pilagá and 





high, contains an average of 39 tree species per hectare and is 13-18 meters high (Placci et al., 
1992, cited in Fernandez-Duque & Bravo, 1997). Tree species of special interest in this study are 
the pink lapacho (Handroanthus heptaphyllus) and the pindo palm (Syagrus romanzoffiana) due 
to their distinctive non-leaf plant parts (flowers and fruits) that the study subjects ate.  
 The study site was selectively logged in the past, but has been virtually undisturbed since 
1996. The area is home to a diverse number of animal species, including the puma, anteater, 
peccary, and tapir. Besides howler monkeys, only one other primate species, Azara’s owl 
monkeys (Aotus azarae), live in the area. The study site is home to the Owl Monkey Project, 
which was started in 1996 and focuses primarily on the study of Azara’s owl monkey 





Figure 1. Location of the study area within the Guaycolec Ranch in Formosa, Argentina (from 







 I followed two groups of black howler monkeys (Alouatta caraya) within a portion of the 
gallery forest in the Guaycolec Ranch. The first group (CD100) was comprised of six 
individuals: 1 Adult Male, 1 Adult Female, 2 Subadult Males, 1 Subadult Female, and an infant. 
The second group (AB500) was comprised of nine individuals: 2 Adult Males, 2 Subadult Males, 
3 Adult Females, 1 male juvenile and 1 infant. Individuals were classified into sex and age 
categories based on definitions by Rumiz (1990). In each group, I chose an individual to be the 
target subject for observations. For AB500, I chose a Sub-Adult Male, and for CD100, an Adult 
Male (Figure 2). I chose these particular individuals due to an easily distinguishable coat color 
within their groups. This ensured that I would not confuse the target individual with another 
individual in the group.   
 Since the researchers working at this study site have primarily focused on the Azara’s 
owl monkeys, little is known about the population of A. caraya in the Guaycolec Ranch. 
However, several articles based on relatively brief studies have been published about on this 
population (e.g. Arditi & Placci, 1990; Dvoskin, 2003; Drake, 2011). These three articles merely 
report population estimates from 1991, 2001, and 2011 respectively (Drake, 2011). All of the 
authors used similar methodologies and very similar areas within the study site. In 1990, Arditi 
& Placci estimated the population density to be 7.6 individuals/km2. In 2001, Dvoskin et al. 
obtained an estimate of 21.4 individuals/km2, suggesting the population density almost tripled in 
eleven years. Drake et al. (2011) found the population density had remained fairly steady at 18.4 
individuals/km2. These studies demonstrate that the A. caraya population in the Guaycolec ranch 













 I observed the two target individuals during six full days each. I defined a full day as one 
where the period of observation starts at 7:30 hs and finished as 18:00 hs with less than one hour 
of missing data (Table 1). I found a group each morning by returning to their sleeping site of the 
previous day. By noting where the group slept each night and returning the next morning before 
sunrise, I was able to ensure that I could find the group quickly. Therefore, I generally remained 
with the same group for one week at a time. On Mondays, when I did not know where a group 
had spent the night, other interns at the field site would help me search the study area for the 
group, listening for rustling, howling and scanning previous sleeping sites.  Throughout the day, 
I followed the target individual collecting spatial and behavioral data (see below). I worked alone 
which insured that there were no problems with inter-observer reliability. I collected data from 






Table 1. Data collection effort showing start and end times that each group was observed and 
whether a full day of observations was gathered.  
Date Group Start Follow End Follow Full day 
July 17, 2018 CD100 9:00 18:30 Yes 
July 18, 2018 CD100 7:40 18:20 Yes 
July 19, 2018 CD100 7:50 14:10 No 
July 23, 2018 AB500 16:10 18:10 No 
July 24, 2018 AB500 8:00 18:10 Yes 
July 25, 2018 AB500 8:00 18:00 Yes 
July 26, 2018 AB500 7:50 18:00 Yes 
July 27, 2018 AB500 7:40 18:00 Yes 
July 30, 2018 AB500 9:00 18:00 Yes 
August 2, 2018 AB500 8:00 18:00 Yes 
August 3, 2018 CD100 8:10 18:30 Yes 
August 7, 2018 CD100 10:20 18:30 No 
August 8, 2018 CD100 7:30 18:30 Yes 
August 9, 2018 CD100 7:30 18:30 Yes 
August 10, 2018 CD100 7:40 18:00 Yes 
 
   
Spatial data collection 
 I recorded the position of the target individual on a Garmin GPS (error <1m) every ten 
minutes. If the individual did not move within that time frame, I used the same GPS point to 
avoid errors. If the individual’s position was unknown, I did not take a GPS reading and wrote 
“unknown”. 
 
Behavioral data collection 
 Every ten minutes, I recorded the target individual’s behavior, group activity, location 
within group, closest group member, and group spread. Throughout my follows, I noted if the 
group had howled, details about their sleeping site, and if there were any intergroup encounters.   
 I noted the individual’s behavior while conducting a scan at exactly the 10-minute mark. 
Scan sampling involved quickly looking at the target individual and making an instantaneous 
observation of the state of behavior displayed. If the individual was not in view at exactly the 10- 
minute mark, I used a one-minute buffer. This means that if the individual was found less than 
one minute after the 10-minute mark, I recorded its behavior. If the individual was found after 
more than one minute, I did not record their behavior for that time period. If the individual was 





to collect the behavioral data.  
 I recorded group activity in order to determine how representative the target individual 
was of his group’s behavior. I only noted the group activity if all of the group members were 
seen performing an activity together. This was most likely to be resting, but sometimes they were 
seen moving between trees as a group or all eating out of the same tree.  
 To determine the location of the target individual within the group, I used two categories. 
If the target individual was the furthest individual on one side of the group, his position was 
classified as “Edge”, if his position was somewhere in the center of the group, he was classified 
as “Middle”. I determined the closest group member as the estimated distance in meters from the 
target individual to the closest howler monkey in their group.  
 I estimated group spread in order to determine how representative the target individual 
was of his group’s location. I determined the group spread by estimating distance between the 
two monkeys who are furthest apart in the group, regardless of where the target individual was. 
In between 10-minute marks, I scanned the surrounding area to keep track of where other group 
members were located. This often was a difficult estimation to make because sometimes I could 
not see all of the group members.  
 A sleeping site is defined as the resting spot at sunset, and could be either a single large 
tree, or multiple overlapping small trees. I recorded the individual’s sleeping site location each 
night using a GPS. If the target individual had moved between sunset and sunrise, I noted it and 
took a new GPS point. Each time my study group howled, I recorded the exact start and end 
time, potential causes and who was roaring. When there was an intergroup interaction, I recorded 
GPS coordinates of where the encounter occurred, which groups members were involved, how 
long it lasted, and what behaviors were displayed. I recorded the data on an excel spreadsheet on 















Table 2. Ethogram and Recording Code.  
Behavior Code Description 
Resting Rest Still, motionless, passive with eyes open 
or closed. 
Active between trees Act-Bet Tree Movement that involves changing trees. 
Active in tree Act-In Tree Movement of at least one body length 
within a tree.  
Socializing Act- In Tree (socializing) Grooming, playing, nursing, or interacting 
with another individual. 
Defecation Act-In Tree (pooping) Common usage. 
Scratching Act-In Tree (scratching) Self-scratching 
Vocalizing Act-In Tree (vocalizing) Any solo or group calling that the target 
individual takes part in.  
Eating Eating (leaves/fruit/flowers) Takes food into mouth, noted whether it is 
leaves, fruit, or flowers.  
Out of View NA The target individual is out of view. 
 
Temperature data collection 
 A temperature logger was set up at the field site to collect air temperature. However, due 
to missing data and inexplicable inconsistencies, this data was not used. Instead, I used 
temperature data obtained by the Servicio Meteorológico Nacional de Argentina Website 
(Servicio, 2018). This service had hourly temperature data from the City of Formosa Airport, 30 
kilometers from the field site. While the field site was generally a few degrees colder than the 
airport, the fluctuations in temperature closely followed trends found in the temperature logger at 
the field site when it was working.  I collected temperature data in order to evaluate a potential 
relationship between temperature and daily behavior, especially amount of time spent resting. 
 
Data analyses 
Spatial data analyses 
 The kernel density estimation is the most commonly used method of calculating home 
ranges (Laver and Kelly, 2008). I used a kernel density plot to estimate the size of the home 
ranges of group AB500 and CD100. In ArcGIS, I employed the fixed kernel density estimation 
methods with a cell radius size of 15 meters. Larger values of cell radius create a smoother, 
more generalized density plot while smaller values show more detail. I chose this cell radius 
because 15 meters was close to the average group spread in this study (10.5m). In addition, a 





 For my analysis, I split the home ranges into four categories of use: low, medium, high, 
and very high (Table 3). To determine the cutoffs for these categories, I used the geometrical 
interval in ArcGIS for group AB500. Geometrical interval splits work best on data that are not 
normally distributed and provide an alternative to splitting the data into even quartiles. I used the 
same densities for CD100 to ensure comparability. Density refers to the number of GPS points 
taken per square meter after combining all of the GPS points for each group. For example, a 
density of 1.0 would mean that there was exactly one GPS point recorded for every square meter. 
All of my analyses (spatial, behavioral, and temperature) were performed using only the data 
from the full days, meaning that the only GPS points inserted into the kernel density estimation 
were from the six full days for each group.  
 
Table 3. Densities of GPS points for each category of use. Categories of use represent how often 
the target individual was seen in that area and are separated based on the number of GPS points 
taken per square meter (density).   
Category of Use Density (GPS points/m2) 




Very High 0.0599-0.2894 
 
 To calculate the area of range overlap, I used the spatial analyst toolbox in ArcGIS to 
analyze the above categories of use for both groups. I first determined each of the potential 
pairings of categories of use (for example, an area could be high use for AB500 and medium use 
for CD100). Because there were four potential categories of use for each group, I ended up with 
sixteen potential pairings. To simplify this, I combined pairings that were reversed, meaning that 
High-Medium Use was coded to be the same as Medium-High Use.  Therefore, for my analysis, 
it did not matter which group had which usage. This left me with seven pairings because some of 
the initial sixteen pairings did not have any data. For example, there was no area that was 
considered Very High Use for both groups. For each of the final seven pairings, the spatial 
analyst toolbox determined the area, and by summing these areas I arrived at the total area of 







Behavioral data analyses 
 I used RStudio for the analysis of behavioral data. I calculated percent daily activity by 
adding the total number of observations of each behavior defined in the ethogram (Table 2) and 
dividing it by the total number of observations for that day. For example, if the target individual 
was classified as ‘resting’ during 10 scans, and I performed 20 total scans for that individual that 
day, his daily percent resting would be 50%. To summarize, I first created daily summaries of 
behavior for each full day and then averaged these together for each group. 
 I calculated the daily path length for each individual by first determining the distance 
between each GPS point. Then, for each full day, all of the distances were summed to determine 
the total distance moved for that day. Finally, the daily path lengths for each day were averaged 
to determine a mean daily path length for each individual. These calculations assume that the 
target individual moved in a direct line from one GPS point to the next. It is most likely that the 
target individual took an indirect route, therefore making my daily path length estimations 
shorter than they actually are.  
 
Temperature data analyses 
 I first determined the minimum, maximum, and average temperature for each full day, 
using data from the City of Formosa Airport. Then, I used RStudio to graph the preliminary 
relationships between percent resting and the three measures of daily temperature (minimum, 




 The average group spread was 9.9m for AB500 and 10.8m for CD100. In addition, it was 
very rare to see any individual move farther away than roughly 10 meters from the group. 
Averaging over both groups, the target individual was 2.2 meters away from the closest group 
member. These data suggest that the members of the group remained fairly close throughout the 
day. For this reason, I will assume that I can use the target individual’s location as a proxy to 
determine home range for the group.  
 I derived the home range data from the 100% kernel density plots by adding the area of 





similarly sized (Figure 3). The home range size for group AB500 was estimated to be 9,264m2 
(0.92 hectares), and for CD100, a bit larger, 12,332 m2 (1.23 hectares). 
 
Table 4. Area of each category of use for groups AB500 and CD100. 
Category of Use AB500 CD100 
Low 2,381 m2 3,294 m2 
Medium 4,036 m2 5,159 m2 
High 2,219 m2 2,698 m2 
Very High 628 m2 1,181 m2 




Figure 3. Kernel density plots of estimated home ranges of groups AB500 and CD100 at 
Estancia Guaycolec, Formosa, Argentina.  Categories of use are color coded for each group, with 








 The mean daily path lengths of the two groups were extremely similar. AB500’s daily 
path length was 482 meters while CD100’s was 492 meters (Table 5). There was almost twice as 
much variation in the daily path length of AB500 than CD100; AB500 had a standard deviation 
of 178 meters while CD100 had a standard deviation of less than half of that at 78 meters (Table 
5, Table 6). The mean distance moved within ten minutes was 8m for both groups, with similar 
standard deviations as well (Table 5).  
  
Table 5. Differences (mean ±SD) in home range, daily path length and distance moved per 10 
minutes between groups AB500 and CD100 at Estancia Guaycolec, Formosa, Argentina.  
 AB500 CD100 
Home Range Size 0.92ha 1.23ha 
Daily Path Length 482m ±178 492m  ± 78 
Distance moved in 10 min 8m ± 13 8m ± 12 
 
 
Table 6. Daily path lengths (distance covered during daily travel) of A. caraya groups AB500 
and CD100 at Estancia Guaycolec, Formosa, Argentina.  
Date Group Daily Path Length (m) 
July 24, 2018 AB500 261 
July 25, 2018 AB500 375 
July 26, 2018 AB500 413 
July 27, 2018 AB500 465 
July 30, 2018 AB500 631 
August 2, 2018 AB500 749 
July 17, 2018 CD100 385 
July 18, 2018 CD100 537 
August 3, 2018 CD100 498 
August 8, 2018 CD100 418 
August 9, 2018 CD100 596 
August 10, 2018 CD100 519 
 
 There was an area of the study site (1,439 m2) that was within the home range of both 
groups (Figure 4, Table 7). Within this area, there are no sections that were classified as either 
high use or very high use for both groups. The area of overlap had high and very high categories 
of use for group AB500, as they frequently ate from a flowering tree there. Group CD100 only 
visited this area (and ate from the tree) once, which resulted in a relatively lower use of it. Most 
of the overlap was in areas with Low-Medium use, and Medium-Medium use, showing that both 





Medium-Very High use category; this was the area with the flowering tree itself and can be seen 
as the red area in the top left of Figure 4.  
 
Table 7. Area of each paired category of use within the home range overlap (e.g. an area 
classified as ‘Low-Med’ was an area that had low use by one group and a medium use by the 
other). See spatial data analyses within methods for more details.  
Paired Category of Use Area 
Low-Low 174 m2 
Low-Med 529 m2 
Low-High 25 m2 
Low-Very High 16 m2 
Med-Med 453 m2 
Med-High 228 m2 
Med-Very High 14 m2 










 An interesting phenomenon shown by the data is the use of pathways. While observing 
the two groups, I noticed that they both tended to use the same pathways to get from place to 
place. They preferred routes that they used before, going from branch to branch one after the 
other on a path that was used often. In the area of overlap, both groups used the same exact 
pathways, showing that the pathways used are not simple preferences of one group.  
 
Behavioral data   
 There was some concordance between the activity of the target individual and the whole 
group’s activity at any moment. For group AB500, the entire group was observed doing the same 
behavior as the target individual on 37% of the scans. For CD100, it was on 36% of the scans. I 
only wrote down group activity if I was sure that all of the group members were participating, 
therefore, it is even more likely that some members of the group were performing the same 
behavior as the target individual. While I do not have data on this, I noticed that it was unlikely 
for an individual to perform a behavior completely alone. Due to these findings as well as my 
observations, for the rest of this section I will assume the target individual was representative of 
the group’s behavior.  
 Both groups spent more than half (~60%) of the time resting, the largest percentage of 
any behavior (Figure 5). The next most frequently observed behavior was eating; AB500 spent 
23% of their day eating, while CD100 spent 15% of their day eating (Figure 5). Out of the 
different food sources, both groups ate primarily leaves (Figure 6). Leaves made up 83% of 
AB500’s diet, and 85% of CD100’s diet. I observed the study subjects eating non-leaf plant parts 
of only two plant species, eating the flower of the pink lapacho and the fruit of the pindo palm. 
AB500 ate these flowers frequently and was never observed eating fruit, while CD100 
occasionally ate both flowers and fruit (Figure 6). CD100 ate fruit on four out of the six 
observation days, but only ate flowers on two days. Since there was a fruiting palm tree near the 
center of their range, they often stopped there for a few minutes and returned frequently. 
However, the two flowering trees that CD100 ate from were located at the far edge of their home 
range perhaps explaining why the group accessed them less frequently and stayed for longer 
when they did. Finally, CD100 spent more time being active between trees, suggesting that they 
were more active in general. The rest of the behaviors had very small proportions of percent 








Figure 5. Differences (mean ± SD) in percent daily activity of behaviors defined in ethogram 
(Table 2) between two groups at Estancia Guaycolec, Formosa, Argentina. 
 
 
Figure 6. Differences (mean ± SD) in time spent eating leaves, flowers, and fruits between 






 The AB500 and CD100 target individuals were classified as being in the middle of the 
group in 67% and 45% of the scans respectively (Table 8). Furthermore, the target individual for 
AB500 was, on average, 1.7 m away from the closest group member, while the target individual 
for CD100 was 2.9 m away from the closest group member. Finally, CD100 howled more often 
than AB500 (Table 8). 
 
Table 8. Values of behavioral measures defined in methods of groups AB500 and CD100 at 
Estancia Guaycolec, Formosa, Argentina.  
Behavioral Measure AB500 CD100 
Percent of behavior as group 36% 36% 
Percent in middle of group 67% 45% 
Closest group member 1.7m 2.8m 
Number of days group howled 1 3 
 
 I recorded the sleeping site of group AB500 on nine nights (this includes the six full days 
and three partial days). They only used three distinct sleeping sites, and used one sleeping site, a 
large tree, on five nights. I observed the sleeping site of group CD100 on eight nights. This group 
used four distinct sleeping sites, and spent four nights out of eight in one sleeping site.  The 
sleeping sites are primarily located at the edges of the groups’ ranges (Figure 7), using the river 








Figure 7. Location of sleeping sites of groups AB500 and CD100 at Estancia Guaycolec, 
Formosa, Argentina. AB500 is shown in red and CD100 in green, while the river is outlined in 
blue. The flagged numbers are the order in which the GPS points were taken and do not have any 
significance in this figure. 
 
Temperature data 
 There seems to be a relationship between temperature and the percent of time spent 
resting (Figures 8-10). In all graphs, there seems to be a slight positive correlation, suggesting 
that as temperature increases, resting increases as well. However, neither minimum daily 
temperature, maximum daily temperature, nor average daily temperature were statistically 
significant predictors of percent resting. During the sampling period for group AB500, average 
temperatures ranged between 10.5-13.1°C. However, during the sampling period for group 
CD100, average temperatures ranged between 9.9-25.6°C, showing more variation in 










Figure 8. Relationship between minimum daily temperature and proportion of day spent resting 
of groups AB500 and CD100 at Estancia Guaycolec, Formosa, Argentina. Open black symbols 















Figure 9. Relationship between maximum daily temperature and proportion of day spent resting 
of groups AB500 and CD100 at Estancia Guaycolec, Formosa, Argentina. Open black symbols 
represent group AB500, and open red group CD100. 
 
Figure 10.  Relationship between daily temperature and proportion of day spent resting of 
groups AB500 and CD100 at Estancia Guaycolec, Formosa, Argentina. Open black symbols 




 For my thesis, I observed how two howler groups used space, foraged, and behaved. 
More specifically, I examined three hypotheses: 1) If an energy minimizing lifestyle is an 
adaptation to eating high quantities of leaves, then howler groups that have a high proportion of 
leaves in their diet will occupy smaller home ranges, have shorter daily path lengths, and spend 
more time resting, 2) if temperature is the primary driver of high levels of resting, then howlers 
will conserve energy and rest more at lower temperatures, 3) home range and daily path length 
will increase with group size due to larger groups requiring more space and resources. 
 Past studies have gathered data both in support of and against hypothesis 1. In this study, 
AB500 rested for 58% of the day and leaves made up 83% of their diet, while CD100 rested for 





AB500, and a slightly longer daily path length. As expected, resting time did increase with leaf 
consumption. However, these data do not support the prediction that groups that have a higher 
proportion of leaves in diet will have smaller home ranges and shorter daily path lengths. Since 
both groups had extremely similar (and not statistically significant) leaf consumption and 
ranging patterns, these differences are difficult to make conclusions from.  
 A more helpful way of examining hypothesis 1 is to compare my data to past studies. 
Both target individuals consumed fairly large amounts of leaves compared to past studies in 
which leaves generally made up between 50-85% of diet (Bravo & Sallenave, 2003; Zunino 
& Rumiz, 1986; Pavelka & Knopff, 2004). Compared to past estimates of howler ranging, my 
calculated home ranges are the smallest ever recorded. However, my estimates are reasonable; 
past estimates ranged between 1.7-6.0 hectares per group (Bravo, 2003). These comparisons to 
past studies suggest that my target individuals ate a higher proportion of leaves and also had 
smaller home ranges than other populations, supporting the idea that an energy minimizing 
lifestyle is an adaptation to eating a high quantity of leaves.  
 Past studies have found limited evidence in support of hypothesis 2: Agostini (2010) 
observed that during the coldest month of the year, A. caraya groups had the lowest rate of 
movement. However, my data did not support the prediction that lower temperature would lead 
to increased time resting. In fact, it seemed like higher temperatures were correlated with 
increased time resting. Group CD100 showed a clearer pattern than AB500, perhaps because 
there was more variation in temperatures for that group due to more spread out sampling. If I had 
sampled both groups over a longer time period with more temporal variation, I likely would have 
had more conclusive results. In addition, only the twelve full days were used in this analysis. 
Finally, temperature data did not come directly from the field site, making it even more difficult 
to come to any solid conclusions. However, my data give an interesting first look into this 
question, especially in the context of this population’s location in an extreme southern location. 
Perhaps this population has other adaptations to living in a colder location. Future research 
should be done on this topic over a longer time frame with more temporal variation.  
 Finally, my data did not support the hypothesis that home range and daily path length 
would increase with group size. AB500 had nine individuals, three more than CD100. 
Unexpectedly, AB500 had a smaller home range and shorter daily path length than CD100. 





enough that food might not be the driving force of home range size. This could occur because 
leaves, which are plentiful and distributed fairly evenly throughout the forest, are the primary 
source of nutrition.  
 While it appears as if there was a difference between ranging and behavioral patterns of 
the two groups, it is important to note the difference between ecological and statistical 
significance. For example, there was a 3% difference between groups in the amount of time 
spent eating flowers. In Figure 6, this looks like a large difference, but it is difficult to tell if the 
difference is ecologically meaningful. In this case, small differences in the nutrients gained from 
eating flowers may play a large role in determining an individual’s health or behavioral patterns, 
however, without further analyses, I cannot determine the ecological significance. It is important 
to remain skeptical and not over exaggerate the importance of these differences based on 
statistical significance alone (Wasserstein & Lazar, 2016). 
 In addition to considering the three hypotheses, I explored many different aspects of 
ranging, behavior, and feeding patterns of the two howler groups. I further discuss my results 
below, as well as their implications for potential future studies, beginning with spatial data then 
moving on to behavioral and foraging data.   
 There are a few potential reasons for my relatively small home range estimates. The first 
potential reason is that the howlers are in a semi-confined area; the study area is bordered by a 
river and open grassland, making it very difficult for groups to expand home ranges outside the 
study site. While past researchers have observed howlers crossing the river, showing that it is not 
impassable, howler groups would still have to remain in the gallery forests bordering the river. 
Past research has suggested a fast increase in the density of howler monkeys in the area (Dvoskin 
et al. 2001). Assuming that this period of rapid increase did indeed occur, perhaps during this 
time, howler monkey groups did not have the space to maintain their home ranges and instead, 
squeezed more individuals into the existing space. Howlers are known to be incredibly adaptable 
primates; perhaps this small home range size is an adaptation to living in a relatively confined 
space with high population growth in the past. In a study of A. caraya, Kowaleski & Zunino 
(1998) found that after deforestation and a decrease in suitable habitat for howlers, the number of 
howlers in the area remained the same, showing that the ecological density had increased. This 
data shows that howler density can increase due to either a shrinking of suitable habitat, or as in 





 The brevity of my study may have also influenced my small home range results. I only 
had data from six full days with each group. With such small amounts of data, it is difficult to get 
a solid understanding of how often the groups are using each part of their range. It is clear which 
areas are used most often, but it would be easy to miss an area that is only used selectively. 
Howlers are known to use only small portions of their annual home ranges daily and have core 
areas that they use with high frequency (Bravo, 2003; Chapman, 1998; Estrada, 1984; Milton, 
1980). Perhaps in a longer study, a researcher might have found what I describe as home range to 
be only the core range of a group.  
 The last potential reason for such a small home range is the small cell radius used while 
creating the Kernel Density Plot in ArcGIS. The implications of this can be seen in Figure 3. One 
of the issues with using the kernel density method is that it can split the home range into multiple 
polygons and eliminate corridors. While this is apparent in my plots, it is easy to determine 
where the corridors are likely to be. However, many of these corridors are technically not 
included in the calculations for home range area. I chose to use such a small cell radius in my 
Kernel Density plots because it showed more detail. A larger cell radius assumes that the 
individual uses a certain amount of space on either side of each GPS point, and with my limited 
dataset, I did not want to make any assumptions. It is likely a combination of the three reasons 
laid out above that the home range sizes were so small. However, with my small dataset, it is 
difficult to tell which is the primary driver.  
 Ranges of Azara’s Owl Monkeys and Black and Gold Howler Monkeys overlap, but the 
magnitude of correlation between the two is unclear. In a ten-year study of A. azarae at the same 
study site, mean home range size was 6.2 ha (Wartmann et al. 2014), which is much larger than 
the ranges I found for A. caraya in the area. However, the study also found that the mean core 
area, which is described as a 50% kernel, was 1.9 ha, which is closer to the ranges in my study. 
Future research could look into the possibility of correlation between the home ranges of both 
species. 
 My results for daily path length are similar to previous estimates for howlers (Fortes, 
2015; Palma et al., 2011). Both groups have very similar daily path lengths, showing that both 
groups are moving a fairly similar distance throughout the day. However, AB500 had much more 
variation in daily path length than CD100. The daily path length for AB500 ranged from 261m to 





potentially explain this; there are two high use areas on either side of their range connected by a 
corridor. On some days, AB500 stayed in only one side of their range leading to a very low daily 
path length, while on other days, they quickly moved across the corridor to access the other side. 
CD100’s home range was smaller and more condensed leading to a more constant daily path 
length. This daily variation can also be seen in the high standard deviations of AB500’s time 
spent resting and being active between trees.  
 One of the major differences between the two target individuals is the percent of time 
spent in the middle versus on the edge of the group. The target individual for CD100 spent more 
time at the edge of his group than the target individual for AB500. A possible explanation is that 
the target individual for CD100 was an Adult Male while the target individual for AB500 was a 
sub-adult male, with two other full-grown males in his group. In both groups, I often saw an 
adult male leading the way and choosing where the group would go. In addition, the adult males 
tended to stay a little further from the group. This is supported by the data collected on closest 
group member showing that the target individual in AB500 (sub-adult male) was generally closer 
to the other group members than the target individual in CD100 (adult male). However, despite 
these differences, group behavior and group spread suggest that there shouldn’t be any large 
differences between target individuals affecting my data. 
  Due to the area of overlap, it is clear that this howler population is not entirely territorial. 
I never observed group CD100 and AB500 interacting in the area of overlap, suggesting that they 
used it at different times. However, there was a third group that CD100 occasionally interacted 
with that provides more insight. I observed CD100 and this third group interact at the boundary 
of CD100’s range on three different occasions, prompting me to think that this was not only the 
edge of CD100’s range, but also the edge of the third group’s range. On one of these encounters, 
the two groups shared the area for just under three hours, primarily resting and occasionally 
howling. While many individuals were resting, they mostly had open eyes and seemed agitated. 
These data show that two groups did share space occasionally; the most rational explanation for 
this is that both groups were trying to lay claim to the area.  
 Data on sleeping sites and howling provide further insight into the territoriality of these 
groups. Both groups had sleeping sites that they preferred and slept in frequently, a phenomenon 
documented in past studies (Bravo, 2003). One potential reason for this is the lack of predators 





new spots. In addition, the groups used sleeping sites that were primarily located at the edges of 
the groups’ ranges. A possible explanation for this is to ensure that other howler groups weren’t 
encroaching on their territories. By sleeping primarily at the edges of their range, howler groups 
could maintain boundaries.  
 Two of the three times CD100 howled occurred in the same spot at the edge of their 
home range when another group was nearby. This spot was close to a fruiting palm tree that they 
accessed often, suggesting that aggression may be a behavioral mechanism by which groups 
secure access to defendable resources in their territory. I only observed AB500 howl once, and I 
could not determine a potential reason. Before I started gathering data for this project, I noticed 
that there was one spot in the forest where howling was often heard (at least five times while I 
was at the study site). Two groups (neither AB500 or CD100) often came together, howled 
facing one another and then separated, leading me to believe that this area was a boundary 
between their ranges. From these data, it appears that vocalizations serve more as a way to deter 
encroaching groups than as a regular advertisement of occupancy. These data warrant further 
research into where and why vocalizations occur in this population of A. caraya.  
 The main driving forces of howler behavior are obtaining food resources and preventing 
other howler groups from infiltrating their ranges, since there are no natural predators in the area. 
In terms of foraging patterns, I expected that groups that ate more nutritious foods, such as fruit, 
would spend less time foraging. As expected, CD100 spent less time eating than AB500 and ate 
a more varied diet as well as more fruit. Since fruit are one of the most nutritious plant parts, 
CD100 was able to spend less time foraging while obtaining the same amount of nutrition 
(Milton, 1980). 
 I suspect that the differences in diet are due to preference and not availability of 
resources. In AB500’s home range, there were at least two fruiting palm trees, one of them 
located directly beside the main flowering tree in the range showing that the group passed by the 
fruiting tree often and never ate from it. In addition, group CD100 went out of the area they most 
frequently stayed in (areas of very high use) to access both palm fruit and flowers, showing that 
they did not just eat what was easily available.  
 Finally, my data shows that if a group had to move a long distance to access a resource, 
they would likely stay for longer and eat more because they would be less likely to have access 





suggests that howler groups in this area are willing to risk territory overlap in order to access 
high quality, limited food sources.  
  An important consideration is the effect of seasonality of food availability. I do not have 
data on how long or how often the food sources flowered or fruited for. In a longer study, I may 
have been able to see if there were changes in diet based on what food was available at the time. 
My data shows only a small snippet of what howlers’ eat during the summer months.  
 Another potential driver of behavior is competition for food resources with owl monkeys. 
Since howlers primarily eat leaves, competition is generally low, however, my data shows that 
limited resources such as flowers and fruits are a part of howlers’ diets. During my study, I 
observed owl monkeys eating flowers from the pink lapacho tree that both group AB500 and 
CD100 ate from. However, there is little research done on the interaction and/or competition 
between the two primate species in the area.   
 
CONCLUSION 
 One of the most interesting pieces of information found in this dataset is the extremely 
low home range estimates. Low home range estimates as well as the relatively large amount of 
leaves consumed may be an adaptation to living in the extreme southern edge of its range. These 
differences when compared to past studies of howlers give insight into the adaptive capabilities 
of howlers. The adaptability of different species is important to understand in order to predict 
how various populations might response to deforestation and climate change, two increasingly 
pressing problems around the globe. In addition, studies looking at the adaptability of different 
primate species are especially interesting in the context of their close evolutionary relationship to 
humans.  
 Another important lesson learned from this study is the remarkable similarity between 
groups showing consistent data collection and good methods. It is much easier for a project with 
only one person doing data collection to have consistent data. My project shows the benefits of 
doing a smaller scale project with only one researcher. However, working alone limits the scope 
of data collection which can often lead to less substantial conclusions.  
  As the first to study ranging and behavioral patterns of this population, my research 
opens the door to many different future studies of this population. To summarize, future studies 





explanations of why home range did not increase with group size, how the shape of home range 
affects howler movement, the territoriality of this population, causes of vocalization, why 
sleeping sites are located at the edges of ranges, potential food preferences of different groups, 
and finally, competition and range overlap with owl monkeys. I encourage future students to use 
this preliminary study to drive their own research. 
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